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Lithographic marker structure compliant with microelectronic 
device processing, lithographic projection apparatus comprising such 
a lithographic marker structure and method for wafer alignment 
using such a lithographic marker structure. 

Field of the invention 

The present invention relates to a marker structure as denned in the preamble of 
claim 1. The present invention also relates to a lithographic projection apparatus 
comprising a device for wafer alignment which uses a marker structure as defined in 
the preamble of claim 27. Moreover, the present invention relates to a method for wafer 
alignment using a marker structure as defined in the preamble of claim 28. 

Background of the invention 

The present invention finds an application in the field of lithographic projection 
apparatus that encompass a radiation system for supplying a projection beam of 
radiation, a support structure for supporting patterning means, which serves to pattern 
the projection beam according to a desired pattern, a substrate table for holding a 
substrate; and, a projection system for projecting the patterned beam onto a target 
portion of the substrate. 

The term "patterning means" as employed here should be broadly interpreted as 
referring to means that can be used to endow an incoming radiation beam with a 
patterned cross-section, corresponding to a pattern that is to be created in a target 
portion of the substrate; the term "light valve" can also be used in this context. 
Generally, the said pattern will correspond to a particular functional layer in a device 
being created in the target portion, such as an integrated circuit or other device (see 
below). Examples of such patterning means include: 

- A mask. The concept of a mask is well known in lithography, and it includes 
mask types such as binary, alternating phase-shift, and attenuated phase-shift, as well as 
various hybrid mask types. Placement of such a mask in the radiation beam causes 
selective transmission (in the case of a transmission mask) or reflection (in the case of a 
reflective mask) of the radiation impinging on the mask, according to the pattern on the 
mask. In the case of a mask, the support structure will generally be a mask table, which 
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ensures that the mask can be held at a desired position in the incoming radiation beam, 
and that it can be moved relative to the beam if so desired; 

- A programmable mirror array. One example of such a device is a matrix- 
addressable surface having a visco-elastic control layer and a reflective surface. The 
basic principle behind such an apparatus is that (for example) addressed areas of the 
reflective surface reflect incident light as diffracted light, whereas unaddressed areas 
reflect incident light as non-diffracted light. Using an appropriate filter, the said non- 
diffracted light can be filtered out of the reflected beam, leaving only the diffracted 
light behind; in this manner, the beam becomes patterned according to the addressing 
pattern of the matrix-addressable surface. An alternative embodiment of a 
programmable mirror array employs a matrix arrangement of tiny mirrors, each of 
which can be individually tilted about an axis by applying a suitable localised electric 
field, or by employing piezoelectric actuation means. Once again, the mirrors are 
matrix-addressable, such that addressed mirrors will reflect an incoming radiation beam 
in a different direction to unaddressed mirrors; in this manner, the reflected beam is 
patterned according to the addressing pattern of the matrix-addressable mirrors. The 
required matrix addressing can be performed using suitable electronic means. In both of 
the situations described here above, the patterning means can comprise one or more 
programmable mirror arrays. More information on mirror arrays as here referred to can 
be gleaned, for example, from United States Patents US 5,296,891 and US 5,523,193, 
and PCT patent applications WO 98/38597 and WO 98/33096, which are incorporated 
herein by reference. In the case of a programmable mirror array, the said support 
structure may be embodied as a frame or table, for example, which may be fixed or 

movable as required; and 

- A programmable LCD array. An example of such a construction is given in 
United States Patent US 5,229,872, which is incorporated herein by reference. As 
above, the support structure in this case may be embodied as a frame or table, for 
example, which may be fixed or movable as required. 

For purposes of simplicity, the rest of this text may, at certain locations, specifically 
direct itself to examples involving a mask and mask table; however, the general 
principles discussed in such instances should be seen in the broader context of the 
patterning means as set forth here above. 
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Lithographic projection apparatus can be used, for example, in the manufacture of 
integrated circuits (ICs). In such a case, the patterning means may generate a circuit 
pattern corresponding to an individual layer of the IC, and this pattern can be imaged 
onto a target portion (e.g. comprising one or more dies) on a substrate (silicon wafer) 
5 that has been coated with a layer of radiation-sensitive material (resist). In general, a 
single wafer will contain a whole network of adjacent target portions that are 
successively irradiated via the projection system, one at a time. In current apparatus, 
employing patterning by a mask on a mask table, a distinction can be made between 
two different types of machine. In one type of lithographic projection apparatus, each 

1 0 target portion is irradiated by exposing the entire mask pattern onto the target portion in 
one go; such an apparatus is commonly referred to as a wafer stepper or step-and-repeat 
apparatus. In an alternative apparatus - commonly referred to as a step-and-scan 
apparatus - each target portion is irradiated by progressively scanning the mask pattern 
under the projection beam in a given reference direction (the "scanning" direction) 

1 5 while synchronously scanning the substrate table parallel or anti-parallel to this 

direction; since, in general, the projection system will have a magnification factor M 
(generally < 1), the speed V at which the substrate table is scanned will be a factor M 
times that at which the mask table is scanned. More information with regard to 
lithographic devices as here described can be gleaned, for example, from US 6,046,792, 

20 incorporated herein by reference. 

In a manufacturing process using a lithographic projection apparatus, a pattern (e.g. 
in a mask) is imaged onto a substrate that is at least partially covered by a layer of 
radiation-sensitive material (resist). Prior to this imaging step, the substrate may 
undergo various procedures, such as priming, resist coating and a soft bake. After 

25 exposure, the substrate may be subjected to other procedures, such as a post-exposure 
bake (PEB), development, a hard bake and measurement/inspection of the imaged 
features. This array of procedures is used as a basis to pattern an individual layer of a 
device, e.g. an IC. Such a patterned layer may then undergo various processes such as 
etching, ion-implantation (doping), metallisation, oxidation, chemical-mechanical 

30 polishing, etc., all intended to finish off an individual layer. If several layers are 

required, then the whole procedure, or a variant thereof, will have to be repeated for 
each new layer. Eventually, an array of devices will be present on the substrate (wafer). 
These devices are then separated from one another by a technique such as dicing or 
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«c. Further information regarding such processes can be obfam«l, for P 
th e book "Microchip Fabrication: A Practical Guide to 
Third Edition, by Peter van Zanf, McGraw Hill Publishing Co., 1997, 
ISBN 0-07-067250-4, incorporated herein by reference. 

Tor the si of simptictty, the projection systenr may hereinafter be referred 
JL"; however, this ternr should be broadiy interpreted as encornpassrng vtnrous 
. „f nroiection systenr, including refractive optics, reflective optics, and 

x:— . ------ :rr 

operating according to any of these design types for directing shaptng .rc—g 
I projection beam of radiation, and snch components may also be referred below, 

collectively or singularly, as a "lens". wo or more substr ate 

Further the Uthographic apparatus may be of a type having rwo 

tab " or two ofmore mas, tables), .n such "multiple stage" devices me addftrc^l 
may be used in paraHe!, or preparatory steps may be carried on, on one or more 

lithographic apparatus are described, for example, in US 5,969,441 and 
both incorporated herein by reference. 

Ir a nongraphic process an ahgnmen, of me wafer to be processe4 wtth tire mask 
par^o themLshomdbe as precise .possible for a correct defmition of features 
o rrsubs tt a,e, which features a„ shou,d have sizes within specified to.eranees. To 

wW ch provides for alignment of the substrate with the mask an *™ 
given (specifted) to.erance. Tbe wafer alignment system typ.eaUy perform 
, Ugnment based on optical means. Tbe position of a wafer or a portion of a wafer 
de erminedby measuring an optical response from an optica! 

fce faser beam diffracts from the grating, and one or more of the drfftacted o ders am 
,he output of tire sensors fheposifion of me wafer can be denved (relative to the 
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reference plane). 



diffraction of impinging Ught with a wavelength well wititin the visib.e range of tire 



spectrum. A typical periodicity is 16 jim. The grating is typically constructed of lines 
and trenches. Typically, the line width and trench width are each 8 )um. In order to 
obtain sufficient diffracted light from the grating and to obtain well-defined diffraction 
maxima and minima, the grating must encompass a minimal number of lines and 
intermediate trenches. The size in the direction of the periodic structure is about 750 
jam. 

The grating may be a phase grating or phase marker which takes into account a 
phase difference between the phase of rays scattered at the upper surface of the grating 
and the phase of rays scattered at the lower surface of the grating. 

Also, the grating may be an amplitude grating which only takes into account the 
periodic structure of the grating without any further phase difference relating to an 
upper or lower level in the grating. Typically, an amplitude grating or amplitude marker 
is constructed of a periodic structure of first and second elements, which have similar 
surface levels but different respective reflectance. 

Optical markers are used during microelectronic device processing (or IC 
processing) along the fUll manufacturing line. During the front end of line (FEOL), 
markers are used for alignment during manufacturing of transistor structures. At a later 
stage during the back end of line (BEOL), markers are needed for alignment of 
metallisation structures, e.g. connect lines, and vias. It is noted that in both cases the 
integrity of the markers must be sufficient to meet the required accuracy of alignment. 

During semiconductor manufacturing processes a wafer is subjected to a plurality of 
treatments such as annealing, etching, polishing, etc., which may likely cause 
roughness of a marker (a recessed area in the marker and/or warping of the marker). 
Such marker roughness causes an alignment error of the image which may contribute to 
an overlay error in the construction of a semiconductor device. Also, it is conceivable 
that during the subsequent stages of processing the quality of markers tend to diminish. 

A disadvantage of prior art optical markers is that during IC processing it is difficult 
to control the phase depth of the optical marker. As a result, the intensity of diffracted 
light under a given diffraction angle may be low and even close to zero, and accurate 
measurement of the diffracted beam may be difficult or even impossible. The phase 
depth can be defined as the resolved height difference between a top surface of a line 
and a top surface of a trench in a grating under a given angle of diffraction. If under an 
angle of diffraction, where (under optimal conditions) a maximum of diffracted 



intensity is expected, the phase depth equals ha!f a wavelength of the apphed rad.ation, 
interference benveen diffracted waves will result in a low or zero intenstty. 

Control of the phase depth during IC processing may be difficult due to process 
variations ftonr wafer to wafer, and also across a single wafer. 

A further disadvantage of prior art markers results from fire dependence of marker 
properties as a function of tire layer(s> befow the marker. It is known fhat due to 
dlfLn. optica, behaviour of the various fayers, as found fn semiconductor dev.ces, the 
Iras, of the marker may vary, which resuffs fn variations of the diffracted tntens.ty 

as function of the layer below. 

Moreover, it is known that various processing steps may adversely mfluence the 
sbape of alignment markers. D ue to the effect on the shape, the alignment by such 
modified markers may comprise an error which can resnlt from the fact that the 
ntodified shape of the marker changes the generated (partem of, diffracted beams^ 
Furthermore, in the prior art, during BEOL processing, optica, markers could be 
detected under capping layers by virtue of the residua! sfructnre which was vtsrb.e a, 
flte surface. However, due to application of plantation processes such as chermcal 
mechanical polishing (CMP), the option to use a residua! marker structure for 
alignment in many cases has become impossible. 

ta the prior art, markers on a semiconductor substrate tha, comprise trenches fil ed 
with tungsten, ate subjected to a CMP process for removing tungsten from .he surface 
and planarising the surface. Due to the CMP process the tungsten structures are e. her 
fdled or underfilled. The extent of filling is related ,0 the phase depth of an optical 
signal generated by the market, i.e., two discrete phase depth levels exist One , .evel 
re ,a,es to filled tungsten structures which are shallow and have a srna,. phase depth the 
5 other level relates to underfilled tungsten structures which are relatively deep and have 
a ,arge phase depth. Small phase depth of the filled markers is undesirable since flte 
alignment error caused by the small phase depth is relatively large leading to large 
variations in measured wafer duality. Also, the large phase depth does no, guaran ee 
fha, the alignment error is reduced; the phase depth may be such mat extinction of the 
; 0 optical signal results. Small variations in phase depth again lead to variations m 
measured wafer quality. Furthermore, no cnn.ro. over the phase depth 

The influence of optical markers on !C processing may lead to undestrable stde 
effects due to ft. fac. drat the optica, markers are inherently larger than featiue s.zes m 
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integrated circuits. In the prior art the minimum feature size of markers is in the order 
of 1 jam. In current microelectronic devices, the typical minimal feature size is about 
100 nm (depending on the device generation). Since the marker usually consists of the 
same material as (part of) the devices, the presence of an additional marker area of a 
substantial size in the vicinity of a device may have an influence on the local 
processing rate for that device in a given processing step. For example, a chemical 
reaction in a reactive ion etching process or a chemical deposition process may be 
influenced by the presence of a large marker area due to some kinetic constraint, or due 
to a local deviation of the wafer temperature, etc. A size difference between marker and 
device feature may thus lead, for example, to modification of a processing step for 
devices located closely to a marker. Due to the modification of the processing a 
variation of device characteristics may occur across a die and/or a wafer. 

Although specific reference may be made in this text to the use of the apparatus 
according to the invention in the manufacture of ICs, it should be explicitly understood 
that such an apparatus has many other possible applications. For example, it may be 
employed in the manufacture of integrated optical systems, guidance and detection 
patterns for magnetic domain memories, liquid-crystal display panels, thin-film 
magnetic heads, etc. The person skilled in the art will appreciate that, in the context of 
such alternative applications, any use of the terms "reticle", "wafer" or "die" in this text 
should be considered as being replaced by the more general terms "mask", "substrate" 
and "target portion", respectively. 

In the present document, the terms "radiation" and " projection beam" are used to 
encompass all types of electromagnetic radiation, including ultraviolet (UV) radiation 
(e.g. with a wavelength of 365, 248, 193, 157 or 126 nm) and extreme ultra-violet 
(EUV) radiation (e.g. having a wavelength in the range 5-20 nm). 

Summary of the invention 

It is an object of the present invention to provide a marker structure that allows to 
correct the phase depth in such a way that negative interference within the diffraction 
pattern is prevented. 

In a first aspect of the present invention, this object is achieved in a marker structure 
on a substrate for optical alignment of the substrate as defined in the preamble of claim 
1, characterised in that the first structural element has a first reflecting surface on a first 
level and the second structural element has a second reflecting surface on a second 
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level, the second surface being an opaque layer, 

rhe second level of the second reflecting surface being arranged be.ow the first level of 
the firs, reflecting surface, with a difference of the firs, and second ,eve. determmmg a 
phase depth condition for the diffracted light pattern, 

wherein a recess is present in the opaque layer to modify the phase conditron. 

The recessed area changes the phase depth by an amount that a positive mterference 

between diffracted rays occurs and a diffracted pattern with sufficient intensity rs 

generated by the marker structure. 

ta a second aspect of the present invention, this object is achieved in a marker 
structure on a substrate for optica! ahgnment of the subsrra.e as defined in fhe preamble 
of claim 8 characterised in fha, me marker structure comprises in a firs, meta, layer a 
firs, optical marker in a firs, ordering tone and in a second me,a! layer, loeafed above 
the firs, metal layer a second optical marker in a second ordering tone, 
the second optica! marker being located above the first optical marker, 
the second ordering tone being a reverse tone of the first ordering tone, 
and the second metal layer being separated from the firs. me*l layer by an intermedtafe 
dielectric layer. 

Advantageously, the variation of the diffracted intensity as a function of the 
underlying layer is reduced by the stacking of marker structures above each other. The 
intermediate dielectric layer can be tuned to have an optimal phase depth with positwe 
interference. 

It is a further object of the present invention to provide a marker structure that 
allows monitoring of processing-induced damage. 

This object is achieved in a marker structure on a substrate for optical alignment of 
the substrate as defined in the preamble of claim 9, characterised in that the marker 
structure comprises a first periodic structure and a second periodic structure, 
the second periodic structure being adjacent and parallel to the first periodic structure, 
the first periodic structure comprising a plurality of first structural elements of a first 
material and a plurality of second structural elements of a second material, the first and 
second structural elements being arranged in a repetitive ordering, with the first wxdth 
being larger than the second width, 

ate second periodic structure comprising a plurality of the firs, structural elements of 
the firs, material having a third width and a plurality of the second structural elements 
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of the second material having a fourth width, the first and second structural elements 
being arranged in a repetitive ordering, the third width being equal to the second width 
and the fourth width being equal to the first width, and 

the second structural element in the second periodic structure being located adjacent to 
the first structural element in the first periodic structure in such a manner that the 
second periodic structure is complementary to the first periodic structure. 

By means of a complementary structure which comprises a first periodic structure 
and a second periodic structure complementary to the first one, it is possible to monitor 
by use of the alignment system if one of the structural elements within a periodic 
structure is damaged by the IC processing sequence, since a diffraction pattern will 
change differently for the first periodic structure than for the second periodic structure 
when damage occurs on either the first or the second structural element within the first 
and the second periodic structure. 

It is another object of the present invention to provide a marker structure that 
overcomes the removal of a residual marker from a metallisation layer due to CMP 
processing of the underlying layer which includes the marker structure. This object is 
achieved in a marker structure as defined in the preamble of claim 12, characterised in 
that the marker structure is present in a metallisation layer, 

wherein the first structural element consists of a first surface area portion having a first 
surface state and 

the second structural element consists of a second surface area portion having a second 
surface state, 

the first surface area portion being related to a first buried marker element, and 
the second surface area portion being related to a second buried marker element, 
the first and the second surface state being related to variations in morphology of the 
metallisation layer being induced by the first buried marker element and the second 
buried marker element, respectively. 

Advantageously, the metallisation layer is deposited in such a way that a difference 
in surface state/morphology as a function of the underlying material is created in that 
metallisation layer. The periodic variation of surface state/morphology of the surface is 
detectable by an alignment- and/or overlay system. 
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It is an objec. of tire present invention to provide a marker suture that overcomes 
effects eaused by a relatively large marker area on featnres of deviees loeated m me 
vicinity of such a large marker. 

T,i objee, is aebieved in a marker strocture as defined in the preamble of datm 16, 
charaeterised in ma. the fira, structural element comprises a plurality of pnmary Imes 
and a plurality of first interposed lines, 

the plurality of primary fines eomprising me firs, materia, and the plurahty of firat 
interposed lines forming a further periodic strueture. 

Advantageously, the structura. element mat build the marker structure are each sub- 
divided in aub-elements which have a characteristic size comparable to tire product 
feature size. By mimicking the feature size of the product more closely, srze-mduced 
processing effects are minimised. 

Moreover, i, is an object of the present invention to provide a lithograph, pro,ecuon 
apparatus which allows application of tire marker structure aa described above. 

Furthermore, it is an object of the present invention to provide a method of 
alignment of a substrate in a lithographic projection apparatus which uses the marker 
structure as described above. 
Brief description of drawings 

Below, the invention will be explained with reference to some drawings, which are 
intended for illustration purposes only and no, ,o limit <he scope of protection aa 
defined in the accompanying claims. 

Figure 1 depicts a lithographic projection apparatus comprising at least one marker 

structure according to the present invention; 

Figure 2 schematically shows a cross-sectional view of a prior art marker structure to 
illustrate the concept of phase depth; 

Figure 3a schematically shows a cross-sectional view of a marker structure from the 
prior art in copper-damascene layers; 

Figure 3b a cross-sectional view of a firs, embodiment of amarker structure accordmg 

to the present invention: 
J Figure 3c a cross-sectional view of a second embodiment of a marker stntCure 

according to tire present invention; 

Figure 4 schematically shows a cross-sectional view of a second embodtmen. of a 
marker structure according to the present invention; 
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Figure 5 schematically shows a marker structure of a fourth embodiment of a marker 
structure according to the present invention in a perspective view; 
Figure 6 shows a planar view of a marker structure according to a fifth embodiment of 
the present invention; 

5 Figure 7a, schematically shows a cross-sectional view of filled and underfilled tungsten 
marker from the prior art before chemical -mechanical polishing of tungsten; 
Figure 7b show a planar view of a tungsten marker structure in silicon dioxide from the 
prior art; 

Figure 7c shows a planar view of a tungsten marker structure in silicon dioxide 
10 according to a sixth embodiment of the present invention; 

Figure 8 shows a planar view of a marker structure according to a seventh embodiment 
of the present invention; 

Figure 9 shows an application of a stack of markers in accordance with the seventh 
embodiment of the present invention. 

15 
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Description of embodiments 

Figure 1 schematically depicts a lithographic projection apparatus 1 comprising at 
least one marker structure according to a particular embodiment of the invention. The 

apparatus comprises: 

- a radiation system Ex, IL, for supplying a projection beam PB of radiation (e.g. 
UV radiation). In this particular case, the radiation system also comprises a radiation 
source SO; 

- a first object table (mask table) MT provided with a mask holder for holding a 
mask MA (e.g. a reticle), and connected to first positioning means (not shown) for 
accurately positioning the mask with respect to item PL; 

- a second object table (substrate table) WT provided with a substrate holder for 
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second 
positioning means PW for accurately positioning the substrate with respect to item PL; 
and 

- a projection system ("lens") PL for imaging an irradiated portion of the mask MA 
onto a target portion C (e.g. comprising one or more dies) of the substrate W. 

As here depicted, the apparatus is of a transmissive type (i.e. has a transmissive 
mask). However, in general, it may also be of a reflective type, for example (with a 
reflective mask). Alternatively, the apparatus may employ another kind of patterning 
means, such as a programmable mirror array of a type as referred to above. 

The source SO (e.g. a mercury lamp or an excimer laser) produces a beam of 
radiation. This beam is fed into an illumination system (illuminator) IL, either directly 
or after having traversed conditioning means, such as a beam expander Ex, for 
example. The illuminator IL may comprise adjusting means AM for setting the outer 
and/or inner radial extent (commonly referred to as cr-outer and a-inner, respectively) 
of the intensity distribution in the beam. In addition, it will generally comprise various 
other components, such as an integrator IN and a condenser CO. In this way, the beam 
PB impinging on the mask MA has a desired uniformity and intensity distribution in its 
cross-section. 

It should be noted with regard to figure 1 that the source SO may be within the 
housing of the lithographic projection apparatus (as is often the case when the source 
SO is a mercury lamp, for example), but that it may also be remote from the 
lithographic projection apparatus, the radiation beam which it produces being led into 
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the apparatus (e.g. with the aid of suitable directing mirrors); this latter scenario is often 
the case when the source SO is an excimer laser. The current invention and claims 
encompass both of these scenarios. 

The beam PB subsequently intercepts the mask MA, which is held on a mask table 
MT. Having traversed the mask MA, the beam PB passes through the lens PL, which 
focuses the beam PB onto a target portion C of the substrate W. With the aid of the 
second positioning means PW and interferometric measuring means, the substrate table 
WT can be moved accurately, e.g. so as to position different target portions C in the 
path of the beam PB. Similarly, the first positioning means (acting on mask table MT) 
can be used to accurately position the mask MA with respect to the path of the beam 
PB, e.g. after mechanical retrieval of the mask MA from a mask library, or during a 
scan. In general, movement of the object tables MT, WT will be realised with the aid of 
a long-stroke module (coarse positioning) and a short-stroke module (fine positioning), 
which are not explicitly depicted in figure 1. However, in the case of a wafer stepper 
(as opposed to a step-and-scan apparatus) the mask table MT may just be connected to 
a short stroke actuator, or may be fixed. Mask MA and substrate W may be aligned 
using mask alignment marks Ml, M2 and substrate alignment marks PI, P2. 
The depicted apparatus can be used in two different modes: 

1 . In step mode, the mask table MT is kept essentially stationary, and an entire mask 
image is projected in one go (i.e. a single "flash") onto a target portion C. The substrate 
table WT is then shifted in the X and/or Y directions so that a different target portion C 
can be irradiated by the beam PB; and 

2. In scan mode, essentially the same scenario applies, except that a given target 
portion C is not exposed in a single "flash". Instead, the mask table MT is movable in a 
given direction (the so-called "scan direction", e.g. the Y-direction) with a speed v, so 
that the projection beam PB is caused to scan over a mask image; concurrently, the 
substrate table WT is simultaneously moved in the same or opposite direction at a 
speed V = M v, in which M is the magnification of the lens PL (typically, M = 1/4 or 
1/5). In this manner, a relatively large target portion C can be exposed, without having 
to compromise on resolution. 

The interferometric measuring means typically can comprise a light source, such as 
a laser (not shown), and one or more interferometers for determining some information 
(e.g., position, alignment, etc.) regarding an object to be measured, such as a substrate 



or a stage. In Figure 1, for example, one interferons IF , — a„y e^.eteo. 
The light souree (laser) produees a metrology beam MB whieh ,s routed ,o the 
interferometer IF by one or more beam manipulators. In ease more than one 

^^^^^^^^^^ 
5 that split the metrology beam in various separate beams for eaeh interferomete, , 

A substrate alignment system MS for alignment of a substrate on table WT w. h 
mask on mask table T, is schematically shown a. an exemplary location close tc .table 
WT, and comprises a. leas, one Ugh. source which generates a light beam amred a. 
marker structure on the substrate and at least one sensor device which detects an optica 
10 Z* *om ma, marker structure. I, is noted that .be location of the substrate alignment 
system MS depends on design conditions which may v*y wi«h the actual type of 
lithographic projection apparatus. 

F ^e 2 schematically shows a cross-sectiona. view of a prior art marker structure 

to illustrate the concept of phase depth. 
15 Anoptiealmarkerstfucntretypieallycomprisesagratingwithapenodtc^P 

suitable for diffraction of impinging tight with a wavelengtit X wel. within the vtstble 

range of the spectrum. 

It will be appreciated titat it is no, essential <ha« the periodicity P be amiable for 
taction of light within the visible spectrum, and titat the invention can be 
20 implemented with a periodicity P suitable for shorter wavelengths or suttable or long 
wavelength. Where the term "tight" is useti in tire present document, t, ,s no. .nutted o 
wavelengths wititin tire visible speCrum bu, may encompass ligh. of longer wavelengtit 
or shorter wavelength than visible wavelengths. 

The grating consists of a series of lines 100, with in.erposed trenches 102. The 
25 trenches 102 have a depth d, with respec, to tire top surface of tire tines 100. The 
periodicity P of the grating is composed of a line wid,h P, and a .rench width P„. 

in Figure 2, an impinging ligh. beam X is directed in a direction substanttally 
perpendicular to the surface of the substrate. Alternatively, a non-perpendtcnlar 
inclination of the impinging beam may be used as well. 
30 The marker grating from the prior art is a so-called phase grating. A diffraction 

pattern is schematically shown by two diffracted beams, each having a diffraction angle 
9 relative to the surface. 
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In the diffraction pattern the position of intensity maxima and minima is governed 
by the periodicity of the grating. When the wavelength X of the impinging light is 
within the range of visible light, periodicity P may typically be 16 |um to obtain a 
diffraction pattern suitable for purpose of alignment. Typically, the line width and 
trench width are each 8 ^m. 

In order to obtain sufficient diffracted light from the grating and to obtain an angular 
distribution (a diffraction pattern) of well-defined diffraction maxima and minima, the 
grating must encompass a minimal number of lines and intermediate trenches which are 
illuminated by the impinging light beam. In the prior art a marker comprises at least 10 
trenches within the illuminated area. 

The intensity of the diffracted beams is further determined by the depth of the 
trenches relative to the top surface of the lines. In a certain direction of diffracted light, 
the light rays scattered at the top surface of the lines and the light rays scattered at the 
bottom of the trenches must have a certain phase relation to obtain a positive 
interference between these light rays in that direction, independent from the periodicity 
P. The depth of the trenches relative to the surface of the lines must be such that 
positive interference will occur, else if the interference is negative, an extinction of the 
signal will occur. This is known as the phase depth condition. 

In the phase grating the interference in the diffraction pattern can be schematically 
deduced as follows: under angle 9 a first set of photons reflect on the top surfaces of 
the lines 100, while a second set of photons reflect at the floor of the trenches 102. In 
order to determine if in a given direction, indicated by diffraction angle 9, a intensity 
maximum or minimum will occur, the phase difference of photons originating from the 
line top surfaces and from the trench floors must be substantially zero or half a 
wavelength, respectively, at the propagation front PF. 

For an optical marker structure on a semiconductor wafer the structure may be 
exposed to various deformations during the processing steps of the semiconductor 
wafer to form integrated circuits. Due to these deformations the phase depth d t may 
change during manufacturing. 

Figure 3a schematically shows a cross-sectional view of a marker structure from the 
prior art. In Figure 3a an optical marker structure OM on a substrate layer SL is shown 
which may be applied in BEOL IC processes for Cu-based micro-electronic devices. 
Such devices are typically manufactured by so-called Cu damascene process 
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technology, wherein copper structures are embedded in (op.ica.ly transparent) 
iLrie Lteria,, appearing as a ..floating marker". The optica, marker 50 constats of 
a plurality ofCu line elements 104, embedded in dielectric matenal, » tire 
rectric material is shaped as a plurality of line elements ,06. TypicaUy, as known to 
5 persona skilled in the art, the dielectric material may consist of a stack of vanous 

cparate dielectric layer,. By conscience, the phase depth d, of the marker 50 maybe 
H 'defined due ,o variafions in me thickness of various separate die.ec.nc layers « fire 
IZL stack. Moreover, variations may exi, across a die or a wafer. Thus, ,n a worst 
ease, .he intensity of the marker, si g »als as inc.uded in me diffracUon pa«em may^ e 
,0 too weak for de.cc.ion by the afignment too,. This may resu,, in a marker reject or eve, 

a wafer reject during IC processing. 

Figure 3b shows a cross-sectional view of a firs, embodhnent of a marker structure 

according to the present invention. 

A way ,o avo.d extinction due .0 an incompatib.e phase depm is shown in Ftgure 3b. 
15 ,„ Figure 3b entities with .he same reference number refer to .he same entities as shown 
in figle 3a. .n the area of.be semiconductor substrate (or in genera, an opaque ,ayer) 
SL let tire floating marker, a recess Rl is created in an FEOL process. Thts recess 
increases me phase depth and thus reduces the probability of negative interference 
between scaltered light fiom the surface .eve. and me level of the substrate or opaque 

laV 2 shown in Figure 3b the recess may be formed only under a portion of area 
covered by tire floating marker, in which case two different phase depths are present 
one of which may yield a betler usable diffraction signal of sufficient in.ens«y. 
Figure 3c shows a cross-sectional view of a second embodiment of a marker 
25 structure according to the present invention. 

to a second embodiment, me recessed area is defined during a FEOL process only 
be ,ow a portion of tire marker. As indicated in the right-hand side of Figure 3c, recesses 
R2 are formed only below me transparent portions of me marker. In me left-hand s,de 
of Figure 3c a recessed area R3 is formed only below the opaque portions of the 
30 marker. Again, two different phase deptits are present, each of which may yie.d a 
usable diffraction signal of sufficient intensity. 
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It is noted that such a recessed area R2, R3 may be formed by using the mask of the 
marker and an appropriate lithographic process, with a positive or negative exposure, 
respectively. 

The recessed area as shown in Figure 3b or 3c preferably adds about 200 - 300 nm 
5 to the phase depth. 

Figure 4 schematically shows a cross-sectional view of a third embodiment of a 
marker structure according to the present invention. 

A further disadvantage of prior art markers is due to the dependence of marker 
properties as a function of the layer(s) below the marker. It is known that due to 
10 different optical behaviour of the various layers, as found in semiconductor devices, the 
contrast of the marker may vary, which results in variations of the diffracted intensity 
as function of the layer below, i.e. the phase depth strongly varies as a function of the 
under-lying layer. 

In a third embodiment according to the present invention, the phase depth is better 

1 5 controlled by defining a first optical marker OM1 in a first metal layer (by exposure 
and processing) in a first ordering tone, i.e., a given periodic repetition of a first 
structural element and a second structural element. Next, in a second metal layer 
stacked on the first one with at least one intermediate dielectric layer IDL, a second 
optical marker OM2 with the same first ordering tone but in reverse tone relative to the 

20 first marker, is defined (exposed and processed). The reverse tone indicates that the 

second marker OM2 comprises the same periodic repetition as the first optical marker 
OM1, but the locations of the first structural element and the second structural element 
are exchanged relative to the first marker OM1. 

By control of the intermediate dielectric layer EDL the phase depth can be 

25 controlled: i.e., a phase depth value is selected which yields a diffraction signal of 

sufficient intensity. Moreover, the space occupied by the markers within a scribelane of 
the wafer is strongly reduced by stacking optical markers. 

It is noted that the thickness of IDL is determined by the IC processing parameters. 
If, accidentally, the thickness of IDL between the stacked markers corresponds to a 

30 phase depth which causes negative interference for both a "red" laser beam and a 
"green" laser beam (i.e., the phase depth d t ~ 2.5^red/n = 3A,green/n), the stacking of 
markers according to the present invention is not feasible, and markers OM1, OM2 
have to be defined in a non-stacked mode, which disadvantageously occupies a larger 



18 



area on the substrate. Attentively, for such a thickness of IDL, stackmg of markers 
still possible if a different laser beam wavelength may be used. 

F U 5 schematically shows a marker structure of a fourth embodunent of a marker 
structure according to the present invention in a perspective vrew. 
5 Various processing steps during IC fabrication may adversely influence the shape of 
alignment markers. For examp.e, the block shape of the hues in tire optical marker 
structure may change due to a CMP step. Due to the CMP process the ° f 
bnes becomes asymmetrical the polishing rounds only one of the top edges, bas.cal.y 
due to the (local) polishing direction. 
10 Due to the effect on tire shape, the alignment by such modified markers (rounded a. 
one edge) may comprise an error which results from tire fact tha, tire modified shape of 
(he marker results in a change of the diffraction pattern being generated. Typtcally, a 
modification of the shape of the marker results in a shift of the position of tire 
diffraction peaks generated by the optical marker structure relative to fire pos.tion of the 
, 5 peaks for the pristine marker shape. In .be prior art, it was not possible to disttngutah 
between a genuine misalignment of a marker or a modification of tire marker shape, 
since both events lead to a change of me diffraction pattern and/or peak positions m the 

pattern. . 
The optical marker structure according to the third embodiment provides a 
20 possibility to check whether the shift of the pattern is due to misalignment of the 
marker or due to deformation of the marker induced by IC processing. 

The optical marker comprises an first periodic structure PS 1 in a first portion, and a 
second periodic structure PS2 in a second portion. The first and second penodic 
structures PS1 and PS2 are located adjacent to each other with their respective 
25 periodicity running parallel in one direction. 

The first periodic structure PS1 has the same periodicity as PS2 but it's ordenng of 
structural elements is complementary to the second periodic structure PS2. The first 
periodic structure PS1 consists ofaplurality of first structural elements SE1 of a first 
material with a first width wl and a plurality of second structural elements SE2 of a 
30 second material with a second width w2, which are arranged periodically. 

The second periodic structure PS2 consists of a plurality of third structural elements 
SE3 of the second material with a third width w3 and a plurality of fourth structural 
elements SE4 of the first material with a fourth width w4, which are arranged 
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periodically. Since PS1 is complementary to PS2, the first structural element SE1 is 
adjacent to the third structural element SE3 with the first width wl being equal to the 
third width w3, and the second structural element SE2 is adjacent to the fourth 
structural element SE4 with the second width w2 being equal to the fourth width w4. 
5 Further, the periodic structures PS1 and PS2 are each asymmetric: the first and second 
width differ from each other. 

As an example, the optical marker structure may be arranged as a Cu damascene 
structure, with Cu as first material, and insulator as second material. In this structure, 
the periodic variation of the surface reflectivity due to the difference of the reflectivity 

10 of Cu and insulator, acts as a amplitude grating. Thus, for example SE1 and SE4 

comprise Cu and SE2 and SE3 comprise insulator. The width wl of SE1 is equal to the 
width w3 of SE3, and the width w2 of SE2 is equal to the width w4 of SE4. 

It is noted however that such a marker may also be embodied in a metal- 
semiconductor structure or a metal-insulator structure. Also this complementary optical 

15 marker structure can be formed by two complementary geometric gratings (i.e., lines 
and trenches) etched in the semiconductor substrate and located next to each other. 

As known to persons skilled in the art, the use of complementary features in the 
marker structure results in a fixed signal (with zero level) during measurement. If the 
periodic structures PS1 and PS2 are substantially complementary, a first signal from the 

20 first periodic structure PS1 will be the complement of second signal from the second 

periodic structure PS2. The first and second signal cancel each other, and the combined 
signal of first and second signal as measured by a sensor will have a substantially zero 
level. 

Due to processing effects the structure as described above, the first periodic 
25 structure changes in a different manner than the second periodic structure because of 
the different asymmetry of both structures. In the first periodic structure the metal lines 
SE1 have a different width wl than the width w4 of the metal lines SE4 in the second 
periodic structure. Due to the difference in width of the metal lines and insulator lines 
in the respective structures PS 1 and PS2, the change of the shape of the respective lines 
30 will be different. 

Due to this different modification of the two structures, the first signal from PS1 is 
no longer the complement of the second signal from PS2. By consequence, the 
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commentary grating win no ionger display a zero leva, signa. during measurement, 
instead a non-zero signal will be measured. 

The occurrence of such a signa. from the complementary optical marker structure 
indicates process-related influences on the marker. Tta the P^co ° f P™^ 
indued effects on other markers with similar periodicity and the dnft of these effects 
can advantageously he monitored hy this comp.emen.ary optica, mark* -~ 

Figure 6 shows a planar view of a marker structure according ,0 a fifth embodunen, 

of the present invention. 

in certain IC metallisation processes, a buried marker (i.e., an optical marker 
structure be.ow the mefaflisation .ayer) is srifl detectab.e due to a residua, topography 
a, ft,e surface. In ft* case, me geometric shape of.be marker structure i.e., me hues 
and trenches are sal, visible in me surface of me mete.lisa.ion layer as elevafen and 
low-lying regions, respectively. 

However, in IC processing, chemical -mechanical polishing (CMP) .s applted as 
p,anari S ation technique for W contacts and vias. By CMP me top surface is flattened, 
and any residua, topography is lost, ft has become impossible to align usmg a res.dua, 

marker structure in such a case. 

,„ tire fifth embodiment of fire present invention, a marker structure ,s formed m the 
aluminium metaUisation layer which acts as an antplitude marker strucfure^Figure 6 
shows a layer stack which is formed during BEOL processing: in the trenches a W 
contact is formed. By CMP the surfaces of the W contact and insulator Ox.de are 
p,anarised. On me planarised surface an Ti adhesion ,ayer is deposited. Next, Al .s 
deposited by a hot metal deposition process. Finally, a capping layer of Ti/TiN rs 
deposited, in figure 6 some exemplary values for me thickness of the respective layers 

are indicated. . 

The metallisation layer comprises a hot metal process (deposited by physteal vapor 
deposition, typically at about 350 "C under UHV conditions). Due to the different gram 
growth of Al on the Ti adhesion layer covering W and covering siheon drox.de, 
respectively, a different surface state is created in the Al layer in dependence on me 
3 under-lying material. Above the W contacts or plugs the surface has a firs, surface state 
ST1 and above the oxide , to surface has a second surface state ST2. 

Possibly, the Ti layer may have a different texture in dependence of the underlymg 
material. This texture may influence .he nucleation and grain grow* of Al deposed 
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during a hot metal deposition process in a manner differently for the area covering W 
and the area covering silicon dioxide. The difference in surface state relates to a 
difference in morphology, i.e., texture and/or grain size of the metallisation layer in 
dependence of the underlying material. Alternatively, the different nucleation and grain 
5 growth of Al on W or Al on silicon dioxide may also be caused by differences in 
thermo-physical properties of the underlying material since the Ti layer is relatively 
thin. 

In any way, due to whatever physical-chemical cause, the local difference in surface 
state is detectable by the alignment- and/or overlay-sensor system as a marker structure. 
10 It is noted that such a morphological marker structure is not limited to the specific 

structure described in figure 6. The metallisation layer may show a periodic variation of 
a surface state also due to some other underlying materials (processed by CMP) which 
form a periodic structure. 

In the prior art, markers on a semiconductor substrate that comprise trenches filled 
1 5 with tungsten, are subjected to a CMP process for removing tungsten and planarising 
the surface of the substrate. Due to the combination of W-CVD and CMP the tungsten 
structures are either filled or underfilled. The extent of filling is related to the phase 
depth of an optical signal generated by the marker, i.e., two discrete phase depth levels 
exist. 

One level relates to filled tungsten structures which are shallow and have a small 
phase depth due to the substantially complete fill up to the top of the structure. 

The other level relates to underfilled tungsten structures which are relatively deep 
and have a large phase depth. 

Small phase depth of the filled markers is undesirable since the alignment error 
caused by the small phase depth is relatively large leading to large variations in 
measured wafer quality. Also, the large phase depth does not guarantee that the 
alignment error is reduced: the phase depth may be such that extinction of the optical 
signal results. Small variations in phase depth again lead to variations in measured 
wafer quality. 

Figure 7a shows a cross-sectional view of filled and under filled tungsten markers 
from the prior art, before W-CMP. 

In a trench etched within a silicon dioxide layer, tungsten is deposited by a CVD 
process in blanket mode. Figure 7a illustrates that the width of the trench governs 
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whether the conformally grown tungsten layer fills the trench in a "filled- or 
'underfilled' mode. 

During W-CVD with eonforma! growth characteristics, narrow trenches wtll become 
•filled' trenches, while wide trenches will become 'underfilled'. 
The bottom of the trench may be covered by a barrier layer. 

Next a CMP process is carried out to planarise the structure. In this manner, a metal 
(W) structure with a surface substantially on level with the silicon dioxide surface ts 
formed. As a consequence the phase depth of the -filled- structure is substantially zero. 
The -underfilled- metal structure comprises portions (i.e., the side-walls) whtch are 
, substantia!* on level with the silicon dioxide surface, and a centra, portion winch 
surface is well below «he silicon dioxide surface level. After CMP, the central W 
portion has a given phase depth relative to the silicon dioxide surface level. 

As known to persons skilled in the art, for a given depth of fire trenches and for a 
tungsten deposition process with given processing parameters (i.e., a conforms! W 
5 ,ayer with a given thickness is formed), fire width of the «ench determines whether a 
tungsten line will either be filled or underfilled. Thus, the phase depth win compnse 
two discrete levels as a function of the trench width. Furthermore, due to afferent 
resistance to CMP of tungsten and silicon dioxide, the CMP process can not be 

controlled very accurately. 
,0 As mentioned above, in a marker structure comprising underfilled meta! marker 
" Unesthedepuaofthecentralportionofthemetallinemaybesuchthatmephasedepm 

is substantially aero: no control over the phase depth is obtatned. 

Figure 7b shows a planar view (TOP) and a cross-sectional view (SIDE) of a 
tungsten marker structure in silicon dioxide according to a sixth embodiment of the 

25 present invention. 

In the sixth embodiment of the present invention, the optical marker structure 

comprises tungsten sub-segments in the silicon dioxide lines. 

As sub-segments a plurality of sub-trenches are formed in the silicon dioxme hues, 
with the length direction of sub-trenches extending in a direction parallel to the 
periodicity P of the marker structure. Since the plurality of sub-trenches are 
periodically arranged in a direction which will be a so-called non-scanning directum 
during alignment procedures, the optical response on the periodic arrangement of the 
sub-trenches in that direction Psub is not detected by an alignment- or overlay-sensor 
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system. The possible diffraction signal generated by (the periodicity of) the sub- 
trenches is directed in a direction perpendicular to the direction of the diffraction signal 
of the actual marker structure (i.e., the repetition of tungsten trenches and silicon 
dioxide lines), so this possible signal will be well outside of the detection region. 

Again, in this sixth embodiment, the trenches and sub-trenches are filled with 
tungsten by a tungsten CVD process. Next, a CMP process is carried out to planarise 
the structure. Due to the presence of tungsten in the sub-trenches, the CMP process is in 
better control: . By using sub-trenches the area of the marker structure comprising filled 
structures with its specific resistance to CMP is relatively enlarged, which allows 
polishing of the filled trenches to a given height with greater accuracy. By better 
controlling the polished height of the filled trenches relative to the level of the lower 
portions of the underfilled structures, the phase depth may be controlled. The height of 
the top level of the filled tungsten structure relative to the lower level of tungsten in the 
underfilled region may be adapted to obtain a desired phase depth. The phase depth 
may be adapted by changing the spacing between the sub-trenches (and their number) 
in the silicon dioxide lines to change the relative area of filled W structures. 

The width of the sub-trenches is double of the thickness of the conformal tungsten 
layer (which thus results in a completely filled sub-trench having a zero phase depth). 

The influence of optical markers on IC processing may lead to undesirable side 
effects due to the fact that the optical markers are inherently larger than feature sizes in 
integrated circuits. In the prior art the minimum feature size of markers is in the order 
of 1 urn. In current microelectronic devices, the typical minimal feature size is about 
100 nm (depending on the device generation). Since the marker usually consists of the 
same material as (part of) the devices, the presence of an additional marker area of a 
substantial size in the vicinity of a device may have an influence on the local 
processing rate for that device in a given processing step. For example, a chemical 
reaction in a reactive ion etching process or a chemical deposition process may be 
influenced by the presence of a large marker area due to some kinetic constraint, or due 
to a local deviation of the wafer temperature, etc. A chemical mechanical polishing 
process may be influenced by the presence of a large marker area due to some 
mechanical constraint (i.e., a higher or lower resistance to CMP) caused by the marker 
area. 
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A size difference between marker and deviee feature ntay thus lead to modification 
of a processing step for devices located closely to a marker. Due to the modifies.™ of 
the processing a variation of device characteristics may occur across a die and/or a 

wafer. , 
From the viewpoint of IC manufacturing, a change of dimensions of the marker 
structural elements to have them correspond more closely to critical feature Sazes m 
devices may overcome the problem of the size dependency of IC processes. However, a 
change of "line" and "trench" widths may also change the periodicity of the marker. 
This would adversely require a major effort to redesign alignment- and overlay-sensor 
systems to comply with a new marker periodicity. 

Moreover, since alignment systems use linearly polarised laser light, polarisaUon 
effects resulting from interaction with such a modified marker structure may adversely 
result in strongly reduced signal strengths in such alignment systems. 

To overcome this size dependency of IC processes, it is recognised that the optical 
marker structure from the prior art requires to be segmented in such a way that cntxcal 
device features are better mimicked while the diffraction pattern generated by the 
modified marker structure remains substantially the same as for an unmodified marker 
from the prior art. Also, the alignment system is arranged in such a way that 
polarisation effects results in usable signal strength of measured signals. 

Figure 8 shows a planar view of a marker structure according to a seventh 
embodiment of the present invention. 

In the seventh embodiment of the present invention the first structural elements are 
sub-segmented in aplurality of primary lines LI extending in a first direction Dl, each 
primary line having a width comparable to critical feature sizes of a device. In between 
the primary lines are interposed lines of a different material. The width of the primary 
and interposed lines is such that dense device structures with critical feature sizes are 
mimicked. 

Further the second structural elements in between the first structural elements are 
sub-segmented in a plurality of secondary lines L2 extending in a second direction D2, 
with interposed lines of a different material in between. Again, the secondary hnes and 
interposed lines have widths comparable to dense device structures with the critical 

feature sizes for devices. 

The second direction D2 is perpendicular to the first direction Dl . 
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The material of the primary lines and the secondary lines is typically the same, e.g., 
a metal, while the material in between the primary lines and in between the secondary 
lines may be a dielectric or semiconductor. 

In the sub-segmentation the original periodicity P of the marker structure is 
maintained to allow the application of the alignment sensors from the prior art. 

It is further noted that the width of the primary line may or may not be equal to the 
width of a secondary line. 

The alignment system uses a first laser beam with a first linear polarisation El and a 
second laser beam with a second linear polarisation E2. The wavelength of the first 
laser beam differs from the wavelength of the second laser beam. For example, the first 
laser beam consists of red light, and the second laser beam of green light. 

The first linear polarisation direction El is perpendicular to the second linear 
polarisation direction E2. Further, the first linear polarisation El is arranged in such a 
way that the line segments LI in the marker lines allow a further transmission of the 
first polarised light beam in order to form a diffraction pattern of the marker structure. 
Similarly, the second linear polarisation E2 is arranged in such a way that the line 
segments L2 in the intermediate marker elements allow a further transmission of the 
second polarised light beam to form a diffraction pattern of the marker structure. 

Figure 9 shows an application of a stack of markers in accordance with the seventh 
embodiment of the present invention. A further advantage of the structure of the 
seventh embodiment is the fact that at least two of such markers can be stacked on top 
of each other, without causing any interference between them. By stacking marker 
structures in subsequent layers, the needed estate for the marker structures in the 
scribelane can be significantly reduced. In the example of Figure 9 in such a stack, a 
second marker OM2 is translated over half the periodicity P with respect to the first 
marker OM1, with the width of "lines" being equal to the width of '"trenches". Due to 
the segmentation of the 'trenches" and "lines" perpendicular to each other, the 
polarisation effect prohibits cross-talk between the upper and lower marker structure. 
When using the first and second laser beams with their mutual perpendicular 
polarisation, the lower marker structure appears covered by the upper marker: the 
alignment system only detects the upper marker structure. 
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Claims >v 

@ 

1 . Marker structure on a substrate for optical alignment of said substrate, 
comprising a plurality of first structural elements and a plurality of second 
structural elements, said first and said second structural elements being arranged 
in a repetitive ordering of one first structural element located adjacent to one 
second structural element, said marker structure having a periodicity (P) in an 
ordering direction of said repetitive ordering, said first structural element having 
a first width in said ordering direction, and said second structural element having 
a second width in said ordering direction, said first and second structural 
elements having a length direction extending perpendicular to said ordering 
direction, 

said optical alignment, in use, capable of: 

- providing at least one light beam directed on said marker, 

- receiving a diffracted light pattern diffracted by said marker on a sensor for 
measurement of said pattern, 

- determining alignment information from said measurement, said alignment 
information comprising information on a position of said substrate relative to 
said sensor; 

characterised in that, 

said first structural element has a first reflecting surface on a first level and said 
second structural element has a second reflecting surface on a second level, said 
second surface being an opaque layer, 

said second level of said second reflecting surface being arranged below said 
first level of said first reflecting surface, with a difference of said first and 
second level determining a phase depth condition for said diffracted light 
pattern, 

wherein a recess (Rl; R2) is present in said opaque layer to modify said phase 
condition. 

2. Marker structure according to claim 1, wherein said first structural element is a 
line element (104) comprising a metal. 

3. Marker structure according to claim 1, wherein said second structural element is 
a line element (106) comprising a dielectric. 
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Marker structure according to claim 1, 2 or 3, wherein said recess is present 
under a portion of said marker structure. 

Marker structure according to any one of the preceding claims 1-4, wherein said 
recess (R2) is created as a partial recess, said partial recess substantially being 
located under each of said second structural elements. 

Marker structure according to any one of the preceding claims 1-4, wherein said 
recess (R2) is created as a partial recess, said partial recess substantially being 
located under each of said first structural elements. 

Marker structure according to any of the preceding claims, wherein said metal is 
copper. 

Marker structure on a substrate for optical alignment of said substrate, 
comprising a plurality of first structural elements and a plurality of second 
structural elements, said first and said second structural elements being arranged 
in a repetitive ordering of one first structural element located adjacent to one 
second structural element, said marker structure having a periodicity <P) in an 
ordering direction of said repetitive ordering, said first structural element having 
a first width in said ordering direction, and said second structural element having 
a second width in said ordering direction, said first and second structural 
elements having a length direction extending perpendicular to said ordering 
direction, 

said optical alignment, in use, capable of: 

- providing at least one light beam directed on said marker, 

- receiving a diffracted light pattern diffracted by said marker on a sensor for 
measurement of said pattern, 

- determining alignment information from said measurement, said alignment 
information comprising information on a position of said substrate relative to 

said sensor; 
characterised in that 
- said marker structure comprises in a first metal layer a first optical marker 
(OMl) in a first ordering tone and in a second metal layer, located above said 
first metal layer a second optical marker (OM2) in a second ordering tone, 
said second optical marker (OM2) being located above said first optical marker 
(OMl), 
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said second ordering tone being a reverse tone of said first ordering tone, 
and said second metal layer being separated from said first metal layer by an 
intermediate dielectric layer (IDL). 
9. Marker structure on a substrate for optical alignment of said substrate, 
comprising a plurality of first structural elements and a plurality of second 
structural elements, said first and said second structural elements being arranged 
in a repetitive ordering of one first structural element located adjacent to one 
second structural element, said marker structure having a periodicity (P) in an 
ordering direction of said repetitive ordering, said first structural element having 
a first width in said ordering direction, and said second structural element having 
a second width in said ordering direction, said first and second structural 
elements having a length direction extending perpendicular to said ordering 
direction, 

said optical alignment, in use, capable of: 

- providing at least one light beam directed on said marker, 

- receiving a diffracted light pattern diffracted by said marker on a sensor for 
measurement of said pattern, 

- determining alignment information from said measurement, said alignment 
information comprising information on a position of said substrate relative to 
said sensor; 

characterised in that 

said marker structure comprises a first periodic structure (PS1) and a second 
periodic structure (PS2), 

said second periodic structure (PS2) being adjacent and parallel to said first 
periodic structure (PS1), 

said first periodic structure (PS1) comprising a plurality of first structural 
elements of a first material and a plurality of second structural elements of a 
second material, said first and second structural elements being arranged in a 
repetitive ordering, with said first width being larger than said second width, 
said second periodic structure (PS2) comprising a plurality of said first structural 
elements of said first material having a third width and a plurality of said second 
structural elements of said second material having a fourth width, said first and 
second structural elements being arranged in a repetitive ordering, said third 



29 



width being equal to said second width and said fourth width being equal to said 
first width, and 

said second structural element in said second periodic structure (PS2) betng 
,ocated adjacent to said flrs, structural element in said first periodic structure 
(PS1) in such a manner that said second periodic structure is complementary to 

said first periodic structure. 
10 Marker structure according to claim 9, wherein said first material is conductor 

material and said second material is either a semiconductor or insulator material. 
1 1 . Marker structure according to claim 9 or 10, wherein said first material is 

copper, and said second material is a dielectric material. 
12 Marker structure on a substrate for optical alignment of said substrate, 
comprising a plurality of first structural elements and a plurality of second 
structural elements, said first and said second structural elements being arranged 
in a repetitive ordering of one first structural element located adjacent to one 
second structural element, said marker structure having a periodicity (P) in an 
ordering direction of said repetitive ordering, said first structural element having 
a first width in said ordering direction, and said second structural element having 
a second width in said ordering direction, said first and second structural 
elements having a length direction extending perpendicular to said ordering 
direction, 

said optical alignment, in use, capable of: 

- providing at least one light beam directed on said marker, 

- receiving a diffracted light pattern diffracted by said marker on a sensor for 
measurement of said pattern, 

- determining alignment information from said measurement, said alignment 
information comprising information on a position of said substrate relative to 

said sensor; 
characterised in that 

said marker structure is present in a metallisation layer, 

wherein said first structural element consists of a first surface area portion 

having a first surface state (ST1) and 

said second structural element consists of a second surface area portion having a 
second surface state (ST2), 
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said first surface area portion being related to a first buried marker element, and 
said second surface area portion being related to a second buried marker 
element, 

said first and said second surface state (ST1, ST2) being related to variations in 
morphology of said metallisation layer being induced by said first buried marker 
element and said second buried marker element, respectively. 

13. Marker structure according to claim 12, wherein said metallisation layer 
comprises a metal layer being deposited by a hot metal deposition process in a 
metallisation processing sequence. 

14. Marker structure according to claim 12 or 13, wherein said metallisation layer 
comprises an aluminium layer. 

15. Marker structure according to claim 13 or 14, wherein said metallisation 
processing sequence further comprises at least one of a deposition of a Ti 
adhesion layer, a deposition of a Ti/TiN capping layer and a deposition of a 
passivation layer. 

16. Marker structure on a substrate for optical alignment of said substrate, 
comprising a plurality of first structural elements and a plurality of second 
structural elements, said first and said second structural elements being arranged 
in a repetitive ordering of one first structural element located adjacent to one 
second structural element, said marker structure having a periodicity (P) in an 
ordering direction of said repetitive ordering, said first structural element having 
a first width in said ordering direction, and said second structural element having 
a second width in said ordering direction, said first and second structural 
elements having a length direction extending perpendicular to said ordering 
direction, 

said optical alignment, in use, capable of: 

- providing at least one light beam directed on said marker, 

- receiving a diffracted light pattern diffracted by said marker on a sensor for 
measurement of said pattern, 

- determining alignment information from said measurement, said alignment 
information comprising information on a position of said substrate relative to 
said sensor; 

characterised in that 
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said fir,, structural element comprises a plurality of primary lines (LI) and a 
plurality of first interposed lines, 

laid plurality of primary lines conrprtsing said firs, material and said p.urah.y of 
first interposed lines forming a further periodic structure. 
17 Marker structure according to claim 16, wherein said primary line compnses 

' said firs, material and said firs, interposed line comprises said second mortal. 
,8 Marker s,ruc,ure according ,o Cairn ,6 or 17, wherein said firs, ma,erial has a 
' firs, resislance ,o chemical mechanical polishing, and said second matena, has a 

second resistance to chemical mechanical polishing, 

said firs, resistance being differen, ftom said second resistance. 

19 Marker structure accordmg ,o claim 16, 17 or 18, wherein said norther penodtc 
' shucture extends in a second ordering direction perpendicular ,o said ordenng 

direction. A . 

20 Marker structure according ,o claim 16, 17 or ,8, wherein said ftrrther penodtc 
structure exlends in a second ordering direction parallel ,o said ordenng 
direction. 

21 Marker structure according to claim 19 or 20, wherein 

' said second structural element comprises a plurality of secondary lines <L1) and 
a plurality of second interposed lines, 

said pluraluy of secondary lines and said plurality of second interposed hues 
forming a second further periodic structure in a third ordering direCon 
perpendicular to said second ordering direction. 

22 Marker structure according ,o any of <he claims 16 ,o 21, wherein said pnmary 
' fines and said firs, in,erposed lines have a dimension comparable ,o a cnhcal 

feature size of a product device being created on said substrate. 

23 Marker structure according ,o claim 22, wherein said secondary lines and satd 

' second inlerposed lines have a dimension comparable ,o a critical feature size of 
a product device being created on said substrate. 

24 Marker shuCure according ,o any one of the claims 16-23, wherein sard hgh, 
beam fiom said a, leas, one light source in said optical alignment has a firs, 
Hnear polarisation (El) extending parallel ,o said second ordering direchon. 

^ ^ftv>f» rl aims 20-24, wherein said optical 
25 . Marker structure according to any one of the claims zv z*, 

alignment is further capable of: 
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- providing a second light beam directed on said marker, 

- receiving a second diffracted light pattern diffracted by said marker on a 
second sensor for a second measurement of said second pattern, 

- determining second alignment information from said second measurement, said 
second alignment information comprising second information on a position of 
said substrate relative to said second sensor, 

wherein said second light beam from said second light source in said optical 
alignment has a second linear polarisation (E2) extending parallel to said third 
ordering direction. 

26. A substrate for microelectronic devices comprising at least one marker structure 
according to any one of the preceding claims 1-25. 

27. A lithographic projection apparatus comprising: 

a radiation system for providing a projection beam of radiation; 
a support structure for supporting patterning means, the patterning means 
serving to pattern the projection beam according to a desired pattern; 
a substrate table (WS) for holding a substrate; 

a projection system for projecting the patterned beam onto a target portion 
of the substrate; 

a substrate alignment system (MS) for detecting a position of said substrate 
relative to a position of said patterning means; 

said substrate comprising at least one marker structure according to any one 
of the preceding claims 1 - 26. 

28. Method of alignment of a substrate in a lithographic projection apparatus 
comprising: 

a radiation system for providing a projection beam of radiation; 
a support structure for supporting patterning means, the patterning means 
serving to pattern the projection beam according to a desired pattern; 
a substrate table (WS) for holding a substrate; 

a projection system for projecting the patterned beam onto a target portion 
of the substrate; 

a substrate alignment system (MS) for detecting a position of said substrate 
relative to a position of said patterning means; 
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. said substrate comprising at leas, one marker structure according to any 
of the preceding claims 1-27. 
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(44 
Abstract 

A marker structure on a substrate for optical alignment of the substrate includes a 
plurality of first structural elements and a plurality of second structural elements. The 
first and the second structural elements are arranged in a repetitive ordering of one first 

5 structural element located adjacent to one second structural element, with a periodicity 
in an ordering direction of the repetitive ordering. The first structural element has a first 
width in the ordering direction, and the second structural element has a second width in 
the ordering direction. Both structural elements have a length direction extending 
perpendicular to the ordering direction. 

1 0 The optical alignment is capable of: 

- providing a light beam directed on the marker, 

- receiving a diffracted light pattern, diffracted by the marker, on a sensor for 
measurement of the pattern, 

- determining alignment information from the measurement which relates to a position 
15 of the substrate relative to the sensor. 

The marker structure is manufactured by a lithographic process using a mask with a 
geometrical pattern for generating the marker structure. 

The first structural element has a first reflecting surface on a first level and the 
second element has a second opaque reflecting surface on a second level, below the 
20 first level of the first reflecting surface. 

The difference of the first and second level determines a phase depth condition for 
the diffracted light pattern. 

In the second opaque reflecting surface a recessed area is present to modify the 

phase condition. 
25 [Figure 3b] 
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